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Abstract 

The supervision of the rock lobster industry and the management controls 
that have been introduced have been constantly reviewed so that Western Australia’s 
multi-million dollar industry stands today as one of the few fisheries that can be 
said to be properly managed. The management strategy has been determined by 
co-operative decisions between State and Commonwealth fisheries institutions and 
it has been based on reliable catch and effort data collected since the post-1945 
expansion of the fishery, a broad understanding of the species biology after much 
research work by many scientists, and the application of modern fisheries models 
to assess levels of fishing effort and the possible effect on the stocks. 


Introduction 

The western rock lobster forms the basis of a 
multi-million dollar industry which began as an 
incidental fishery in the early 1900s when pots 
were pulled by hand from sail-powered fishing 
boats and the rock lobsters were mostly sold 
direct to the housewife by the fishermen. 

Little management of the fishery was needed 
in those times even though, as early as 1897, a 
regulation was introduced to prohibit the sale 
of any rock lobster less than the legal size; the 
regulation, announced in March 1897 set a mini¬ 
mum legal weight of 8 oz. whieh was altered in 
September of the same year to 12 oz. 

The control and management of the fishery 
has been the responsibility of the State Depart¬ 
ment of Fisheries and Wildlife and the Depart¬ 
ments’ management policy has always been based 
on the best research information available. 
Early research on the fundamental biology of 
this species was commenced in the 1940s by the 
CSIRO Fisheries Division through the efforts of 
the late Dr. K. Sheard (Sheard 1962). Due to 
the expansion of the State Fisheries Depart¬ 
ment’s research and management unit and the 
recent major effort on larvae by CSIRO Fisheries 
and Oceanography Division, 6 scientists are 
currently engaged in research on the western 
rock lobster. At the conclusion of this present 
review a full list of the publications relating to 
research on the western rock lobster is presented. 

The species (Panulirus cygnus George 1962) is 
endemic to Western Australia, occurring along 
the continental shelf of the west coast from 
North West Cape (21° 45'S) to Cape Leeuwin 
(34° 22'S). Fishermen expanded their opera¬ 
tions from the two early centres at Fremantle 
and Geraldton and they now set their pots over 
an extensive area from the shallow coastal reefs 


to the edge of the shelf at 200 m. The present 
flourishing fishing centres are scattered along 
the west coast shelf at Kalbarri, Abrolhos 
Islands, Geraldton, Dongara, Cliff Head, Jurien 
Bay, Leeman, Cervantes, Lancelin, Fremantle 
and Bunbury. The annual production is approxi¬ 
mately 8 000 tonnes, 95% of which is exported 
to the U.S.A. market as frozen uncooked tails. 

In the mid 1960s, a serious concern was 
expressed by the scientists and the fishermen 
because the catches resulting from the rapid 
expansion of boats, men and pots in the previous 
5 years or so had not resulted in a proportionate 
return to the fishermen. Thanks to the fore¬ 
sight of early fisheries administrators, records of 
catch and fishing effort had been gathered and 
as a result of intensified research on these 
records and a better understanding of the 
biology of the rock lobster, rigorous limitations 
were able to be placed on the total fishing effort 
to halt the decline in catch per unit effort. This 
was successfully achieved by limiting the number 
of pots permitted by each boat and restricting 
the total number of boats in the industry. 

Annual production was maintained at a 
reasonable level but more recent research has 
shown that effort was again increasing due to 
an increase in the number of pot lifts over the 
season since fishermen were working more 
efficiently and more frequently than they had 
in the past. So in 1978 the length of the season 
was reduced by 6 weeks to assist fishermen to 
maintain a viable economic return. 

Constant research into the best management 
techniques has proved that a natural fishery 
resource is capable of adequate management 
and the Western Australian rock lobster industry 
stands today as one of the very few fisheries in 
the world that can be regarded as well managed. 
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Because of this research and the results pro¬ 
duced by the Western Australian scientists 
studying the western rock lobster, Perth was 
chosen in 1977 as the venue for a week-long 
Australian-American “Workshop on lobster ahd 
rock lobster ecology and physiology”, the pro¬ 
ceedings of which have been recently published 
(Phillips and Cobb 1977). 

General biology and environment 

In addition to the commercially important 
western rock lobster, there are 6 other species 
of rock lobster in Western Australia only one 
of which is commercially important. This is 
the southern rock lobster, Jasus novaehollandiae 
that is fished in south-east Australia. In 
Western Australia however, its density is not 
sufficient to support more than small catches at 
Esperance and Albany. Along the northern 
coast, 5 species of very wide ranging tropical 
rock lobsters (Panulirus spp.) are found in 
moderate concentrations in shallow reef and 
coral outcrops. These species have separate 
environmental preferences, are restricted in 
depth to the shallow reefs and do not support 
continuing catches (George 1968, 1974). 

The western rock lobster occupies a subtropic 
(intermediate) geographical position between 
these southern and northern zones and occupies 
much of the relatively wide continental shelf 
that extends seaward from the west coast. The 
continental shelf has been subjected to signifi¬ 
cant sea level changes in the past and the 
former coastal fringing limestone reef flats now 
form lengthy submarine “ledges” that provide 
shelter for the rock lobster. It is a gregarious 
species and dense groups of several hundred 
can be found packed closely together in the 
undercut ledges of these submarine features. 

The south-west swell that strikes the west 
coast is a major physical factor that results in 
both the constant wave action on the shallow 
reefs and the deep surges that are a fairly con¬ 
sistent feature of the submarine ledges. The 
seaweed kelps provide mobile cover around and 
over the entrances to the undercut ledges. The 
fauna and flora associated with seagrass beds 
and reef flats (molluscs, worms, coralline algae, 
seagrass itself and small Crustacea) provide most 
of the food supply for the rock lobsters. (Joll, 
pers. comm.). Their feeding forays are usually 
restricted to hours of darkness; bright moon¬ 
light nights drastically reduce the catch in pots 
and most fishermen reduce their fishing effort 
during these periods. Predators on the rock 
lobsters include octopus (Joll 1977) as well as 
large predatory fish including sharks. 

The western rock lobster is regarded as a 
'slow grower”. Chittleborough (1974d) main¬ 
tained and grew juveniles in the laboratory, 
indicating a growth-to-maturity period of about 
6 years and achieved successful mating and egg 
carriage under these conditions. Growth occurs 
only after a moult when the old hard exoskeleton 
is shed and a new soft one is expanded to its 
new size by absorption of salt water. Food 
requirements and the general physiology of the 
rock lobster alter dramatically before, during 


and after each moult (Dali 1974a, b, 1975a, b, c, 
1977; Dali and Barclay 1977) and they remain 
deep in their shelters until the new shell hardens 
in about 7 days. 

At the time of adolescence, most if not all, 
individuals go through a distinct phase known 
as the “white” phase. The characteristic red- 
brown colour of the species is not present in the 
newly moulted shell which is parchment to light 
pink in colour; red pigment is gradually added 
to the shell until, after about 3 weeks, they are 
indistinguishable from the normal coloration. 
The white phase occurs regularly in November- 
December of each year in the shallower waters 
and a rapid offshore migration occurs during 
the “white” fishing season (George 1958b). 

The sexes are separate in P. c ygnus and sex 
ratios in the adult stock approximate 1:1 but 
because of differences in availability this ratio 
may vary significantly in pot catches (Morgan 
and Barker 1974). The size at first maturity of 
females and the mean size of breeding females 
varies significantly throughout the range of P. 
cygnus with the size at first maturity ranging 
from around 80 mm carapace length in the 
northern areas of the fishery to around 95 mm 
in southern areas (Morgan and Barker 1974). 
No information is available on the size of first 
maturity of males although it is probably similar 
to that of females in the same area. 

Mating takes place in July-August and the 
female carries the black sperm packet (known 
locally as a “tar-spot”) until November-Decem- 
ber when the eggs are extruded and attach 
themselves to the pleopods. Fecundity varies 
linearly with the size of the rock lobster, a 
100 mm carapace length female carrying 460 000 
eggs (Morgan 1972). The eggs are carried on 
the pleopods for up to 6 weeks, depending on 
the water temperature, before hatching into the 
first phyllosoma larvae that peak during Decem¬ 
ber and January. 

Larvae and juveniles 

Studies of the rock lobster larvae have been 
directed mainly towards understanding their 
movements in space and time and their ecology. 
Complementary investigations have also been 
made to measure the numbers of larvae that 
return to the coast at the end of the planktonic 
phase of the life cycle. 

The newly hatched larvae or phyllosoma, rise 
up from the bottom, concentrate at the surface 
and become part of the plankton. The body of 
the phyllosoma is flat and leaflike with long 
legs and protuberent eyes. As there is no 
pigment or calcium in the skeleton, the body is 
colourless and transparent. The phyllosoma 
larvae swim actively toward a weak light source 
(Ritz 1972b) by beating their “feathery” legs 
and most movements are directed to rising in 
the water column since cessation of beating 
results in a slow descent. The phyllosoma 
larvae undergo a daily vertical migration in the 
upper part of the water column, rising towards 
the surface of the water toward dusk and then 
descending to lower depths as dawn approaches 
(Ritz 1972a). In their early stages they are 


46 





Journal of the Royal Society of Western Australia, Vol. 62, Parts 1-4, 1979. 


transported offshore into the Indian Ocean by 
the effects of wind-driven surface transport 
acting on the larvae while they are at the 
surface at night (Chittleborough and Thomas 
1969). 

The larvae remain in the phyllosoma stages 
for 9 to 11 months during which time at least 
9 phyllosoma stages are recognisable although 
the number of actual moults is considerably 
higher than this (George and Cawthorn 1962, 
Chittleborough and Thomas 1969, Braine et al. 
in press). The first phyllosoma stage is less 
than 2 mm in length and because they are 
almost transparent, are only just visible to the 
human eye; by the last phyllosoma stage, they 
are about 35 mm long. 

The full extent of the larval distribution is 
not known but significant numbers of larvae 
have been caught during the intensive CSIRO 
Fisheries larval research programme as far off¬ 
shore as 1 500 km (Phillips et al. in press). Less 
is known about the actual return paths of the 
larvae to the coast of Western Australia. 
Although many larvae are lost during the long 
period in the plankton, the survivors are eventu¬ 
ally transported back to the edge of the contin¬ 
ental shelf of Western Australia by the ocean 
circulation (Phillips 1977), the greater number 
arriving between August and December each 
year. 

From this point the larval cycle is completed 
by the transparent puerulus stage which is 
similar in shape to the adult. The puerulus 
stage metamorphoses from the last phyllosoma 
stage just on or just beyond the continental 
shelf and then actively swims across the shelf 
and settles in the shallow reef areas along the 
coast (Phillips et al. 1978). Collecting devices 
made of artificial seaweed (Phillips 1972) have 
been designed specially to catch the settling 
puerulus and by their use, the times and relative 
densities of settlement from year to year have 
been able to be compared (Chittleborough and 
Phillips 1975, 1977). Settlement follows a lunar 
periodicity with catches being largely confined 
to the new moon period (Phillips 1975). 

The settling puerulus moults into a small pig¬ 
mented rock lobster about 3 cm long, similar to 
the adult. These juvenile rock lobsters remain 
in the shallow coastal reefs (depths of 1-20 m) 
for 3 to 6 years before migrating out into 
deeper areas on the continental shelf (Chittle¬ 
borough 1974d). 


Population biology 

Much of the research effort which has been 
expended on the western rock lobster has been 
on those aspects of its population biology which 
are of direct importance in making decisions 
which affect the management of the fishery. 
Apart from the routine collection of catch and 
fishing-effort data for use in surplus-yield models 
these data have included (a) estimates of growth 
and mortality rates for use in various dynamic 
pool models of the fishery, (b) information on 
reproductive dynamics for assessing the likely 
impact of fishing on the reproductive potential 


of the stock and (c) various other biological 
data which have been used to answer more 
specific regional problems. 

The “whites” 

P. cygnus is unique among the world’s com¬ 
mercially fished rock lobster stocks in that a 
significant part of the commercial fishery is 
based on pale coloured, newly moulted migratory 
animals locally known as “whites”. Studies by 
George (1958b) established that these “whites” 
are all immature animals and move offshore 
from the shallow water reefs (where they have 
spent their early juvenile life) to deeper waters. 
This late November migration may take the 
animals on a journey of 25 km or more to an 
area which presumably is better suited than the 
inshore areas for the later release of the plank¬ 
tonic larvae. Since the “whites” are newly 
moulted animals their food requirements are 
high (Chittleborough 1975) and consequently 
their catchability by baited pots is likewise high 
(Morgan 1974b). This results in high catch 
rates being aehieved by the commercial fisher¬ 
men in late November and December and it is 
during this 6 week period that about one third 
of the annual catch is taken. 


Growth 

Since, like all other Crustacea, P. cygnus 
grows by moulting, the growth process may be 
considered to be a combination of two factors— 
the moult increment (the size increase at each 
moult) and the intermoult period (the time 
between moults). Field-tagging studies invari¬ 
ably are difficult to interpret in this light since 
the observed growth between release and recap¬ 
ture will consist of the unmeasured contributions 
from these two growth processes. Studies in 
aquaria however have been more fruitful and 
have enabled meaningful interpretation of field- 
growth studies. 

The intermoult period increases with size in 
P. cygnus and for animals held in aquaria at 
25°C the intermoult period is about 100 days 
for an animal of 76 mm carapace length 
(Chittleborough 1974d). Chittleborough (1976a) 
and Morgan (1977a) have shown that moult 
increment increases with age until the second 
year of post-larval life, then remains constant 
during the third year and then decreases with 
increasing age. The combination of these two 
processes results in a grown-in-length curve 
which approximates the von Bertalanffy (1938) 
curve and this curve has been used in the 
biological models of the fishery (Morgan 1977a). 

Although the “average” growth curve has been 
used in biological models, growth rates in the 
natural population exhibit large variations as a 
result of the influences of limited food resources, 
high densities of rock lobsters (Chittleborough 
1976b) and temperature variations (Morgan 
1977a). In addition, animals held in aquaria 
were shown to exhibit a smaller moult increment 
with a mild deficiency of oxygen while frequency 
of moulting was reduced when animals were 
held in isolation (Chittleborough 1975). 
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Mortality 

Mortality rates in P. cygiius may be considered 
in two parts, those produced by fishing opera¬ 
tions (the fishing mortality rate, F) and those 
produced by natural causes such as predation 
(the natural mortality rate, M). Since, like all 
other crustaceans, P. cygnus cannot be individu¬ 
ally aged, the usual methods of fisheries popu¬ 
lation dynamics of comparing the abundance of 
age classes to calculate F and M cannot be used 
and so alternative methods have been necessary. 
These have included direct estimation of M 
from tagging studies (Chittleborough 1970, 
Morgan 1974a) and the use of length/frequency 
data to estimate F and M (Morgan 1977a), 
These methods have indicated an annual value 
of M of about 0.2 (equivalent to 18% mortality 
each year) and a value of F of about 1.0 
(equivalent to 63% mortality each year) for 
recent years. Thus, mortality due to fishing 
comprises some 80% of the total mortality 
suffered by legal-size rock lobsters. 

Management of the fishery 

Since the start of the commercial fishery in 
1944/45, both the catch and the amount of 
fishing effort expended to take that catch have 
increased dramatically (Table 1). This has 
resulted in an inevitable decline in the catch 
per unit of effort. During the 1940s and 1950s 
management of the fishery was by means of a 
legal minimum length only, since the amount 
of fishing effort was relatively small and the 
catch per unit of effort was high enough for 
those engaged in the industry to achieve a 
satisfactory return from their fishing activities. 
In 1961, the Western Fisheries Research Com¬ 
mittee met under the chairmanship of the then 
Director of Fisheries to co-ordinate the research 
efforts of State and Commonwealth programmes 
to assist in management not only of rock lobsters 
but of all the State’s fishery resources. 

As fishing effort further increased and catch 
per unit of effort further decreased it became 
apparent from the analyses of the available 
catch and effort data that more stringent 
management measures would be necessary to 
achieve the dual aims of providing a near maxi¬ 
mum total catch and of providing a reasonable 
return (in terms of catch per unit of effort) 


to the individual operators in the fishery. The 
most direct way in which this could be achieved 
was by a limitation of effort policy and it was 
this strategy which was adopted by the State 
Government in 1962. The methods used to 
limit fishing effort at that time were a restriction 
on the number of vessels entitled to fish for 
rock lobsters and a limit on the number of pots 
each vessel was entitled to use. This pot alloca¬ 
tion was based on boat length and was fixed at 
3 pots per foot of boat length with a maximum 
of 200 pots per boat. 

Later, a boat replacement policy was intro¬ 
duced which restricted a replacement vessel to 
the same size as that vessel which was being 
replaced. This measure prevented the number 
of pots used being increased by the building of a 
larger vessel. The effect of this legislation was 
to reduce fishing effort from about 10 7 pot lifts 
in 1962/63 to about 7 x 10 B pot lifts in 1963/64. 
Total catch decreased somewhat from 9.3 x 10 s kg 
in 1962/63 to 8.1 x 10 fi kg in 1963/64 but sub¬ 
sequently recovered to about 8.7 x 10 6 kg by 
1966/67. Catch per pot lift improved slightly 
from an average of 1.04 kg per pot lift for the 
3 years prior to the introduction of the legis¬ 
lation to 1.09 for the 3 subsequent years. How¬ 
ever, the most important effect was that the 
rapid escalation of the fishing effort of the late 
1950s was halted. 

Since the introduction of this limited entry 
policy to control fishing effort, total catches 
have remained stable at about 8 x 10 fi kg 
although because of increased efficiency of the 
individual operators in the industry, fishing 
effort had by 1974 again increased to levels 
similar to those immediately prior to 1962. 
Further reduction in fishing effort was indicated 
since subsequent analysis of fisheries data and 
application of fisheries models confirmed the 
concern experessed in 1962 regarding the effect 
on catches of high levels of fishing effort. In 
addition concern was expressed about the effect 
of this high level of effort on the reproductive 
potential of the stock. 

The limited entry nature of the fishery, how¬ 
ever, has posed some problems in the selection 
of the most suitable methods to be used to 
achieve further fishing effort reduction. One 
of these problems is the increased capitalisation 


Table 1 

Average catch and fishing effort for the Western Australian rock lobster fishery, 1944-1975 


Year 

Average catch 

Average No. pot 


(kg x 10 6 ) 

lifts (x 10 6 ) 

1944/45-1948/49. 

. 0-994 

0-618 

1949/50-1953/54. 

. 3-547 

2-284 

1954/55-1958/59. 

. 5-805 

4-172 

1959/60-1963/64. 

. 8-541 

7-815 

1964/65-1968/69. 

. 8-434 

. 7-338 

7-647 

1969/70-1973/74. 

9-407 


Catch per 
pot lift 


1-608 
1-553 
1-391 
1 -093 
1-103 
0-780 


Average No. of 
men employed 


109 
402 
734 
1 378 
1 350 
1 668 
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of the industry brought about by the fact that 
the fishing licence (i.e. the right to fish) has 
acquired a considerable monetary value. This 
makes the reduction of boat or pot numbers an 
almost prohibitively expensive exercise either for 
Government or industry. Alternative strategies 
which effect each individual equally are there¬ 
fore necessary and some of the options which 
have been examined are changing the legal 
minimum size and implementing additional 
closed seasons. In fact a 6 week additional 
closure has been implemented on a trial basis 
for the 1977/78 season. The problems of effort 
reduction in a highly capitalised, limited entry 
fishery such as the rock lobster industry have 
not been fully resolved but solutions will need 
to be found if increasing efficiency continues 
to result in increasing fishing effort. 

Although the Western Australian rock lobster 
fishery stands as one of the few examples of a 
well-managed fishery, those management tech¬ 
niques that have been chosen have themselves 
resulted in a new set of problems. Present 
research is addressing itself to the resolution 
of these new problems. 

References 

General biology and the fishery 

Chittleborough, R. G. (1967).—Observations by the late 
F. Aldrich on Australian Marine Crayfish in 
Captivity. West. Aust. Nat. 10: 162-168. 
George, R. W. (1957).—Continuous crayfishing tests: 

Pelsart Group, Houtman Abrolhos, Western 
Australia, 1953. Aust. J. Mar. Freshwat. Res. 
8: 476-490. 

George, R. W. (1958a).—The biology of the Western 
Australian commercial crayfish Panulirus 
longipes. Ph.D. Thesis University of Western 
Australia. 

Morgan, G. R. and Barker, E. H. (1974).—The Western 
Rock Lobster Fishery 1972-73. Fish. Rep. 
West. Aust . 15: 1-22. 

Morgan, G. R. and Barker, E. H. (1975).—The Western 
Rock Lobster Fishery 1973-1974. Fish. Rep. 
West. Aust . 19: 1-22. 

Morgan, G. R. and Barker, E. H. (1976).—The Western 
Rock Lobster Fishery 1971-1972. Fish. Rep. 
West. Aust. 22: 1-22. 

Morgan, G. R. and Barker, E. H. (1977).—The Western 
Rock Lobster Fishery 1974-1975. Fish. Rep. 
West. Aust. 28: 1-20. 

Phillips, B. F. and Cobb, J. S. (Editors) (1977).—Pro¬ 
ceedings of the workshop on lobster and 
rock lobster ecology and physiology. CSIRO 
Div. Fish. Oceanogr. Circular No. 7. 

Sheard, K. (1949).—Marine crayfishes of Western Aus¬ 
tralia. CSIRO Aust. Bulletin. 247: 1-45. 
Sheard, K. (1954).—Report on continuous crayfishing 
tests, 1947-8. Fish. Dept. W.A. Bull. 5: 
1-54. 

Sheard, K. (1962).—The Western Australian Crayfishery 
1944-61. (Paterson Brokensha: Perth). 
Taylor, S. J. (1956).—A survey of the Western Australian 
Crayfishing Industry, 1948-55. Uni. W.A., 
Uni. Studies in History and Economics: 
94-117. 


Taxonomy and evolution 

George, R. W. (1962).—Description of Panulirus cygnus 
sp. nov., the commercial crayfish (or spiny 
lobster) of Western Australia. J. Roy. Soc. 
W. Aust. 45: 100-110. 

George, R. W. (1968).—Tropical spiny lobsters, Panu¬ 
lirus spp. of Western Australia (and the 
Indo-West Pacific). J. Roy. Soc. W. Aust. 
51: 33-38. 


George, R. W. and Holthuis, L. B. (1965).—A Revision 
of the Indo-West Pacific Spiny Lobsters of 
the Panulirus japonicus group. ZooZ. Verh., 
72: 1-36. 

George, R. W. and Main, A. R. (1967).—The evolution 
of spiny lobsters (Palinuridae): A study of 
evolution in the marine environment. 
Evolution 21: 803-820. 


Ecology, behaviour and predators 

Berrill, M. (1976).-—Aggressive behaviour of post- 
puerulus larvae of the Western Rock Lobster 
Panulirus longipes (Milne-Edwards). Aust. 
J. Mar. Freshwat. Res. 27: 83-88. 

Chittleborough, R. G. (1974c).—Home range, homing and 
dominance in juvenile Western Rock 
Lobster. Aust. J. mar. Freshwat. Res. 25: 
227-234. 

George, R. W. (1974).—Coral reefs and rock lobster 
ecology in the Indo-west Pacific region. 
Proc. 2nd Int. Coral Reef symp. I. Great 
Barrier Reef Committee: 321-325. 

George, R. W. (1977).—Rhythms and Communication— 
A Rapporteurs Report. In Proceedings of the 
workshop on lobster and rock lobster and 
rock lobster ecology and physiology. Phillips 
and Cobb (Ed). CSIRO Aust. Div. Fish. 
Oceanogr. Circular No. 7. 

Hindley, J. P. R. (1977).—A review of some aspects of 
the behaviour of juveniles and adult 
pallnurlds. In Proceedings of the workshop 
on lobster and rock lobster ecology and 
physiology. Phillips and Cobb (Ed). CSIRO 
Aust. Div. Fish. Oceanogr. Circular No. 7. 

Joll, L. (1977).—The predation of pot-caught rock 
lobster Panulirus longipes cygnus by octopus. 
Rep. Fish. W.A. 29: 1-58. 

Morgan, G. R. (1978).—Locomotor activity In the 
Western Rock Lobster, Panulirus cygnus. 
Aust. J. Mar. Freshw. Res. 29: 169-174. 


“Whites?', moulting, growth and 
reproduction 

Chittleborough, R. G. (1974d).—Western Rock Lobster 
reared to maturity. Aust. J. Mar. Freshwat. 
Res. 25: 221-227. 

George, R. W. (1958b).—The status of the “white” 
crayfish in Western Australia. Aust. J. 
Mar. Freshwat. Res. 9: 537-545. 

Hancock, D. W. (1977).—Population ecology and growth— 
A rapporteurs report. In Proceedings of the 
workshop on lobster and rock lobster ecology 
physiology. Phillips and Cobb (Ed). CSIRO 
Aust. Div. Fish, and Oceanogr. Circular No. 7. 
Morgan, G. R. (1972).—Fecundity in the Western Rock 
Lobster Panulirus longipes cygnus (George) 
(Crustacea: Decapoda: Palinuridae). Aust. 
J. Mar. Freshwat. Res. 23: 133-141. 

Thomas, L. (1966).—Moulting behaviour of the Western 
Australian crayfish Panulirus cygnus George 
(Decapoda: Reptantia) Crustaceana. 11: 

111-113. 


Phyllosoma larvae 

Bralne, S. J., Rimmer, D. W. and Phillips, B. P. (in 
press).—An Illustrated key and notes on the 
phyllosoma stages of the Western Rock 
Lobster Panulirus cygnus George. CSIRO 
Div. Fish. Oceanogr. Rep. 

Chittleborough, R. G. and Thomas, L. R. (1969).— 
Larval ecology of the Western Australian 
marine crayfish, with notes on other panu- 
lirld larvae from the eastern Indian Ocean. 
Aust. J. Mar. Freshwat. Res. 20: 199-223. 

George, R. W. and Cawthorn, P. (1962).-—Investigations 
on the phyllosoma larvae of the Western 
Australian crayfish. In Western Fisheries 
Research Committee Reports. Fish. Dept. 
West. Aust. 


82710 ( 4 ) 


49 






Journal of the Royal Society of Western Australia, Vol. 62, Parts 1-4, 1979. 


Phillips, B. F. (1977).-—A review of the larval ecology 
of rock lobsters. In Proceedings of the 
workshop on lobster and rock lobster 

ecology and physiology. Phillips and Cobb 
(Ed.). CSIRO Div. Fish and Oceanogr. 
Circular No. 7. 

Phillips, B. F., Rimmer, D. W. and Reid, D. D. (1978).— 
Ecological investigations of the late-stage 
phyllosoma and puerulus larvae of the 
Western Rock Lobster Panulirus longipes 

cygnus. Mar. Biol. 45: 347-357. 

Rltz, D. A. (1972a).—Factors affecting the distribution 
of rock lobster larvae (Panulirus longipes 

cygnus) with reference to variability of 
plankton-net catches. Marine Biology. 13: 
309-317. 

Ritz, D. A. (1972b).—Behavioural response to light of 
the newly hatched phyllosoma larvae of 
Panulirus longipes cygnus George (Crus¬ 
tacea; Decapoda; Palinuridae). J. exp. mar. 
Biol. Ecol. 10: 105-114. 


Oceanic circulation 

Andrews, J. C. (1977).—Eddy structure and the West 
Australian current. Deep Sea Res. 24: 
1123-1148. 

Cressweli, G. R. (1972).—Wind-driven ocean surface 
transport around Australia. CSIRO Aust. 
Div. Fish. Oceanogr. Rep.: 52. 

Cressweli, R. G. (1977).—The trapping of two free 
drifting buoys by an ocean eddy. Deep Sea 
Res. 24: 1203-1209. 

Cressweli, G. R., Golding, T. J. and Boland, F. M. 

(1978).—A buoy and ship examination of the 
subtropical convergence south of Western 
Australia. J. Phys. Oceanogr. 8: 315-320. 

Cressweli, G. R. and Vaudrey, D. J. (1978).—Satellite- 
tracked buoy data Report I. Western Aus¬ 
tralian Releases 1975 and 1976. CSIRO Aust. 
Div. Fish. Oceanogr. Rep.: 86. 

Edwards, R. J. (1977) .— Hydrological investigations of 
R. V. “Sprightly” April 1974-April 1975. 
CSIRO Aust. Div. Fish. Oceanogr. Rep.: 73. 

Golding, T. J., Cressweli, G. R. and Boland, F. M. 

(1977).—Sea surface current and temperature 
data report from the “Sprightly” programme 
off Western Australia 1973-1976. CSIRO Aust. 
Div. Fish. Oceanogr. Rep.: 90. 

Golding, T. J. and Symonds, G. (1978).—Some surface 
circulation features off Western Australia 
during 1973-1976. Aust J. Mar. Freshwat. 
Res. 29: 187-191. 

Hamon, B. V. (1965).—Geopotential topographies and 
currents off West Australia 1965-1969. CSIRO 
Aust. Div. Fish. Oceanogr. Rep.: 32. 

Kitani, K. (1977).—The movements and physical charac¬ 
teristics of the water off Western Australia 
in November 1975. Bull. Far Seas Fish. Res. 
Lab. 15: 13-19. 

Pashkin, V. N. (1968).—Some aspects of hydrology off 
the west and south Australian shelf. 
VNIRO 46. 

Rochford, D. J. (1969).—Seasonal variations in the 
Indian Ocean along 110°E I. Hydrological 
structure of the upper 500 m. Aust. J. Mar. 
Freshwat. Res. 28: 1-50. 

Rochford, D. J. (1969).—Seasonal interchange of high 
and low salinity surface waters off South¬ 
west Australia. Div. Fish. Oceanogr. Tech. 
Pap.: 29. 

Rochford, D. J. (1977).—Further studies of plankton 
ecosystems in the eastern Indian Ocean II. 
Seasonal variations in water mass distribu¬ 
tion (upper 150 m) along 110°E (August 
1962-August 1963). Aust. J. Mar. Freshwat. 
Res. 28: 541-555. 

Wyrtki, K. (1962).—Geopotential topographies and 
associated circulation in the south-eastern 
Indian Ocean. Aust. J. Mar. Freshwat. Res. 
13: 1-17. 


Wyrtki, K. (1973).—Physical oceanography of the Indian 
Ocean. In The Biology of the Indian Ocean. 
Bernt Zeitzschel and Sebastian A. Gerlach 
(eds.), Spring er-Verlag, Berlin: 18-36. 

Wyrtki, K., Bennett, E. B. and Rochford, D. J. (1971).— 
Oceanographic atlas of the international 
Indian Ocean expedition. National Science 
Foundation, Washington, D.C. 


Puerulus and juveniles 

Chittleborough, R. G. (1970).—Studies on recruitment in 
the Western Australian rock lobster Panu¬ 
lirus longipes cygnus George: density and 
natural mortality of juveniles. Aust. J. 
Mar. Freshwat. Res. 21: 131-148. 

Chittleborough, R. G. (1975).—Environmental factors 
affecting growth and survival of juvenile 
western rock lobster. Aust. J. Mar. Freshwat. 
Res. 26: 177-191. 

Chittleborough, R. G. (1976a).—Growth of juvenile 
Panulirus longipes cygnus George on coastal 
reefs compared with those reared under 
optimal environmental conditions. Aust. J. 
Mar. Freshwat. Res. 17: 279-295. 

Chittleborough, R. G. and Phillips, B. F. (1975).— 
Fluctuations In year class strength and 
recruitment in the western rock lobster. 
Aust. J. Mar. Freshwat. Res. 26: 317-328. 

Phillips, B. F. (1975a).—The effect of nocturnal illumin¬ 
ation on catches of the puerulus stage of 
the western rock lobster by artificial seaweed 
collectors. Aust. J. Mar. Freshwat. Res. 26: 
411-414. 

Phillips, B. F. (1975c).—The effect of water currents 
and the intensity of moonlight on catches 
of the puerulus stage of the western rock 
lobster. CSIRO Div. Fish. Oceanogr. Rep. 
63: 1-9. 

Phillips, B. F., Campbell, N. A. and Rea, W. A. (1977).— 
Laboratory growth of early juveniles of the 
western rock lobster. Mar. Biol. 39: 31-39. 

Phillips, B. F. and Hall, N. G. (1978).—Catches of 
puerulus larvae on collectors as a measure 
of natural settlement of the western rock 
lobster Panulirus cygmis George. CSIRO 
Aust. Div. Fish. Oceanogr. Rep. 98: 1-18. 

Phillips, B. F. and Olsen, L. (1975).—The swimming 
behaviour of the puerulus stage of the 
western rock lobster. Aust. J. Mar. Freshwat. 
Res. 26: 415-417. 


Physiology and communication 

Beck, A. B. and Sheard, K. (1949).—The copper and 
nickel content of the blood of the Western 
Australian marine crayfish Panulirus long¬ 
ipes (Milne-Edwards) and of seaweeds. Aust. 
J. Exp. Biol, and Med. Sci. 27: 307-312. 

Dali, W. and Smith, D. M. (1978).—Changes in apparent 
water permeability during the moult cycle 
in the western rock lobster. J. Exp. Mar. 
Biol. Ecol. 33: 43-54. 

Dali, W. and Smith, D. M. (in press).—Water uptake at 
eedysis in the western rock lobster. J. Exp. 
Mar. Biol. Ecol. 

Meyer- Rochow, V. B. (1975a).—Axonal wiring and 

polarisation sensitivity in the eye of the 
Rock Lobster. Nature, 254: 522-523. 

Meyer-Rochow, V. B. (1975b).—Larval and Adult Eye of 
the Western Rock Lobster (Panulirus long¬ 
ipes). Cell. Tiss. Res. 162: 439-457. 

Meyer-Rochow, V. B. and Penrose, J. D. (1974).—Sound 
and sound emission apparatus in puerulus 
and postpuerulus of the western rock 
lobster (Panulirus longipes). Jour. Exp. 
Zool. 189: 283-289. 


50 




Journal of the Royal Society of Western Australia, Vol. 62, Parts 1-4, 1979. 


Meyer-Rochow, V. B. and Penrose, J. D. (1976).—Sound 
production by the western rock lobster, 
Panulirus longipes (Milne-Edwards). J. Exp. 
Mar Biol. Ecol. 23: 191-209. 


Stock assessment 

Bowen, B. K. and Chittleborough, R. G. (1966).— 
Preliminary assessments of stocks of the 
Western Australian crayfish Panulirus 
cygnus George. Aust. J. Mar. Freshwat. Res. 
17: 93-121. 

Chittleborough, R. G. (in press).—Natural regulation of 
tne population of Panulirus longipes cygnus 
George and responses to fishing pressure. 
Rapp. P. -v. Reun. Cons. prem. int. Explor. 
Mer. 

Dali, W. (1974a).—Osmotic and ionic regulation in the 
Western Rock Lobster, Panulirus longipes 
(Milne-Edwards). J. Exp. Mar. Biol. Ecol. 
15: 97-125. 

Dali, W. (1974b).—Indices of nutritional state in the 
western rock lobster Panulirus longipes 
(Milne-Edwards). I. Blood and tissue con¬ 
stituents and water content. J. Exp. Mar. 
Biol. Ecol. 16: 167-180. 

Dali W. (1975a).—Indices of nutritional state in the 
western rock lobster Panulirus longipes 
(Milne-Edwards). II. Gastric fluid con¬ 
stituents. J. Exp. Mar. Biol. Ecol. 18: 1-18. 

Dali, W. (1975b).—Blood carbohydrates in the western 
rock lobster Panulirus longipes (Milne- 
Edwards). J. Exp. Mar. Biol. Ecol. 18: 227- 
238. 

Dali, W. (1975c).—The role of ninhydrin-positive sub¬ 
stances in osmo-regulation in the western 
rock lobster, Panulirus longipes (Milne- 
Edwards). J. Exp. Mar. Biol. Ecol. 19: 
43-58. 

Dali, W. (1977).—Review of the physiology of growth 
and moulting in rock lobsters. In Proceed¬ 
ings of the workshop on lobster and rock 
lobster ecology and physiology. Phillips and 
Cobb (ed.). CSIRO Aust. Div. Fish. 
Oceanogr. Circular No. 7. 

Dali, W. and Barclay, M. C. (1977)—Induction of viable 
eedysis in the western rock lobster by 20- 
hydroxyeedysone. Gen. Comp. Endocrinol. 
31: 328-334. 

Dali, W. and Barclay, M. C. (in press).—The effect of 
exogenous 20-Hyroxyecdysone on levels of 
epidermal DNA and RNA in the western 
rock lobster. J. Exp. Mar. Biol. Ecol. 

Chittleborough, R. G. and Phillips, B. F. (in press).— 
Recruitment to the catchable stock of the 
Wes.ern Rock Lobster Panulirus longipes 
cygnus George. Rapp. P. -v. Reun. Cons. 
prem. int. Explor. Mer. 

Morgan, G. R. (1974a).—Aspects of the population 
dynamics of the western rock lobster, Panu¬ 
lirus cygnus George. I. Estimation of popula¬ 
tion density. Aust. J. Mar. Freshwat. Res. 
25: 235-248. 

Morgan, G. R. (1974b).—Aspects of the population 
dynamics of the western rock lobster, Panu¬ 
lirus cygnus George. II. Seasonal changes 
in the catchability coefficient. Aust. J. Mar. 
Freshwat. Res. 25: 249-259. 

Morgan, G. R. (1977a).—Aspects of the population 
dynamics of the western rock lobster and 
their role in management. Ph.D. Thesis, 
University of Western Australia. 

Morgan, G. R. (1977b).—Adult ecology and population 
dynamics of the Palinuridae—A Review. In 
Proceedings of the workshop on lobster and 
rock lobster ecology and physiology. Phillips 
and Cobb (Ed.). CSIRO Aust. Div Fish . 
Oceanogr. Circular No. 7. 


Morgan, G. R. (in press).—Trap response and the 
measurement of effort in the fishery for the 
Western Rock Lobster. Rapp. P. -v. Reun. 
Cons. prem. int. Explor. Mer. 

Morgan, G. R. (in press).—Assessment of the stocks of 
the Western Rock Lobster, Panulirus cygnus 
using surplus yield models. Aust. J. Mar. 
Freshwat. Res. 

Von Bertalanffy, L. (1938).—A quantitative theory of 
organic growth. Hum. Biol. 10: 181-213. 


Technology 

Austin, R. H., Phillips, B. F. and Webb, D. J. (1976).— 
A method for calculating moonlight inten¬ 
sity at the Earth’s surface. J. Appl. Ecol. 13: 
741-748. 

Chittleborough, R. G. (1974a).—Review of prospects for 
rearing rock lobsters. Aust. Fisheries. 33: 
4-8. 

Chittleborough, R. G. (1974b).—Development of a tag 
for the western rock lobster. CSIRO Aust. 
Div. Fish. Oceanogr. Rep. 56. 

Chittleborough, R. G. (1976b).—Breeding of Panulirus 
longipes cygnus George under natural and 
controlled conditions. Aust. J. Mar. 
Freshwat. Res. 27: 499-516. 

Griffiths, F. B. and Rimmer, D. W. (1977).—Description 
of a paired sampler suitable for qantitative 
plankton studies. CSIRO Aust. Div. Fish. 
Oceanogr. Res. 94. 

Hindley, J. P. R. and Penn, J. W. (1975).—Time lapse 
photography of decapod crustaceans: A 
comparison of white and infra-red illum¬ 
ination. Aust. J. Mar. Freshwat. Res. 26: 
281-285. 

Morgan, G. F. (1973).—Effectiveness of rocklobster 
sorters. Fishery Industry News Service 6: 
35-36. 

Phillips, B. F. (1972).—A semi-quantitative collector of 
the puerulus larvae of the western rock 
lobster Panulirus longipes cygnus George 
(Decapoda; Palinuridae). Crustaceana 22: 
147-154. 

Phillips, B. F. and Rimmer, D. W. (1975).-A surface 
plankton sampler for the larval stages of 
the western rock lobster. Aust. J. Mar. 
Freshwat. Res. 26: 275-280. 

Rimmer, D. W. and Phillips, B. F. (1978).—A pump net 
sampler to examine the spatial distribution 
of rock lobster larvae. CSIRO Aust. Div. 
Fish. Oceanogr. Rep. 97: 1-18. 

Sheard, K. (1950).—Care in the Handling of Crayfish. 

West. Aust. Fish. Dept. Fisheries Bulletin 3. 

Sheard, K. and Dicks, H. G. (1949).—Skin lesions among 
fishermen at Houtman’s Abrolhos, Western 
Australia, with an account of Erysipeloid of 
Rosenbach. Rep. Med. J. Aus., 11: 352-354. 

Wright, D., Yewers, P. and Softly, A. (1974).—Capture 
and maintenance of some marine animals. 
J. Inst. Anim. Tech. 25: 55-65. 


Popular articles 

Bowen, B. K. and Chittleborough, R. G. (1970).—Main¬ 
taining the catch. Western Australiavn. 
Department of Fisheries and Fauna Pert h 
Information Booklet. 

George, R. W. (1966). Marine Crayfish or Spiny Lobsters 
of Australia. Australian Fisheries Newsletter, 
May 1966. 

George, R. W. (1978).—The tale of Rocky Lobster. 
Your Mxiseum 6: Jan. 1978. 

Phillips, B. F. (1975b).—The World of the Rock Lobs*''- 
Aust. Nat. Hist. 18: 305-307. 


51 




